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Development of the Visualizing Film for Dynamic Strain Using Piezoelectric Polymer Film
Shigeru KUROSAKI', Amito HARA, Akihiro YOSHIDA and Hiroyuki NIKKUNI

" Tokyo National College of Technology Dept. of Mechanical Eng.,
Kunugida 1220-2, Hachioji-shi, Tokyo, 193-0997 Japan

It will be easily possible to evaluate the magnitude of strain by simply observing the color of a film, if there is a film
whose color is changed by the dynamic strain. In this study we attempted to visualize strain by developing a film whose
color changes with the magnitude of its strain. Strain visualization can be realized by converting the voltage produced
by a piezoelectric polymer film to heat and converting this heat to color change. We experimentally developed three
types of strain visualization film combining piezoelectric polymer, polyimide and thermosensitive films. The polyimide
film converted voltage to heat and the thermosensitive film converted heat to color change. The piezoelectric polymer
film generated voltage, when cyclic strain was applied. We attached one of the films to a test piece and carried out
cyclic applied load experiments. The piezoelectric film generated small electric current. Therefore we installed a piezo
amplifier into the system. We found that it was possible to visualize strain using a piezo amplifier, and piezoelectric

polymer, polyimide and thermosensitive films.

Key Words :Stress-Strain Measurement, Experimental Stress Analysis, Piezo Film, Dynamic Strain, Strain Gauge,

Experimental Mechanics, Stress Concentration, Nondestructive Inspection, Strain Visualization
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2. BEUOTAARIET 1L

FOPTIMHH LT=BEZA T, BEMBHE =Y 7 L8 LTRY 7 vfbe =15 (PVDF 7 1 /L1)
ZH 2. PVDF 7 4 VAL, OFTHRICHAEI L TEEZBAET S, WRICEAELEEREEZFA LT, SRz E
g D7 ANV AERHA L. ZOBRET A NLE LT, RUAIRT VL EHER L. RIZEC8E AT
6T 2572012, BIRER~A 7 a P74 VL Z2 - FEERTIX, PVDF 7 4 /LA %R ICEHSE Y
O, MR LAWE 52D 2 8T, OT MBI UT-BEERESED. ZOBEERY A I R7 4 VAR L
OTHREBANELTH TS, S5, RUAI RT7 4L RIOERKS~A 70l P 7 4 VA& T, R
JES % LT 5.

PLED 7 o' A TEREZIT> TR, FIHIBEETIIARY A I R7 0 VARRBEE LR ol 22T
TUoTEMATLZLICRY, RVAIRT 4 VAT LETHREEELHEL.. =T 72507
BRI E 7 4V AORRZ X IR T, EERICEELIZEAE 7 A VAEEAM 2 [RT.

Test specir@4 -PVDF film (-piezo film)

Micro capsule film

Polyimide film

| Piezo amp |

Micro capsule fi

e [ Polyimide fil
Piezo film I —— mpe.- Electrode l
- Double sided g
PESPRn Conductive taj

Fig.1 Structure diagram of developed visualizing film Fig.2 Photo. Of developed film.
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3:1 EXTVIa40L KRUIZYLEZ)TV)

AWFFETHER L=y 7 4 VAL, BFIROEDFEET 4V (RY 7ok =05 @« I&# PVDF) T
5. PVDF 7 4 VA%, EEHICHEMZD L, 20 L FEEICEM:E (BE) 24ECEEL24ETS. L
L ENDEIRIZIEFITHD TH D, £ 11CPVDF 7 4 L LOKHE L X 3 IZHIR T 4V ADBEEZRT.

Table 1 Properties of PVDF film ‘%’

. . Young's | Tensile
Thickness Density modulus strength
unit uUm %X 10°%kg/m?® GPa MPa
Value 28 1.78 2 140~210 LA b
Fig.3 Piezoelectric polymer film sheet

3:2 RYL 2T FIqLL

AFFETHWNDRI A I K7 4 GEL - 72Ky (BF) L Kapton®200RS100 ) O#EEE[X] 4 12, M8l
ZX 5 IR T. XS ROk A AT NEMT, BEAHOVPBETHD. T A, BEEZMET S LIk
BT L. ZORMEEROCE Y T 4 LV ADIEEHFR LA G DY, OT BB LT D HEEER LT,
T ANVADEEZT50um THD.

3:3 BRBAERYI/O0hTEILI LA

A nf b2 FELE LT, AR TIHRERSE~A 7 a7 o v s (WAL TvvT 0y s VH .
RW-328 @) ZH\\\o. K7 4V AL, FORESNEHHOBESICH L, HEASh Wb~ Ar7ah 7L
DRE D EFIZHES T4 ~ 5 B @z kA #e Z 3. A EIEH L7z RW-32S 1, 29.5C~36.0COHiPH T, FR—kk
S>HEEETH. ANHOEBICEIST 2 &9 RREFRH TR RTE L2447 ThY, K61, —f#ilE LTAMD
FEMH LT TRHOEETHS.
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Electrode : evaporate(Ag)

Base metal : polyimide
(electrical conductive)

adhere metal: silicon famil
(electrical nonconductive

!I'l 20 30 40 50
i e )
Ll b, ], 1

Fig. 4 Structure diagram of polyimide film *’ Fig.5 Photo. of polyimide film  Fig.6 Photo. of microcapsule film
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FERIL, Kx DT ANV LOREEZRRD DU TOEREZTo72. QY 7 4 )V ABEROH T EERMESE
B, @RV A I R7 4V LBEOFEEEDOHERIR, @~ A 77BN T 4NV LZR) A I R7 /L LYK
LHADETORAER, OBEE T 1V LADFREOENETRE ZNEIUT- 7=

O 7 13387 (R 3.2mm, 74 i EAESRR spee #4) (2 PVDF 7 4 LA & OF %47 — (G L. 30mm) %
0G0, o7 (R 100kN) 2 AW Clis L AMRBR 21T 72, BT Y r 22— Tl L7-.
QDFEFADHERRIT, MR T EBEER CEEL IS L, T OBROFEEZ B EF ClREZ ZFH L7z,
@®iF, RIAIRTA4NLDLEIZ~A 70T vNT 4V DEUET, EEEERZ AW TEELUH L TR

(SN IR E N s R e

@i, RIEEE 7 s (1) ZRBRAICRTT, 957382 AV CisR L AR 21T o 72, AR
% (fn) 1%, 10Hz TiTo7z. TR, By 77Uttt —)a2FH L. SRR 2K 7 1087

400

80 . 180 . .
| Unit: mm

120

(a) Dimension of test specimen (b) Photo. of test specimen with piezoelectric film
Fig.7 Test specimen

5. REBRERBIUBE

5-1 EIV74IILLEEOHAEFERF SRR

AE R LEEROOEREL L T, TAabbE =Y 7 ¢ L ABEA R 7 127 TR, 95
B2 O IE R DR L ARRBR 21T o 72, BRBRA 2L, IS o & LT 62.6MPa & 5.2, JE/ElE o , 2
252 ETRBAE T o7z, ZORFORBRA I X IS REICR T2 =y 7 4 L AOH D EEORE, BIO
O IR & ORRZ K 12@) 23, AmEEIE 10Hz T—EL Lz, BV 7 7 OHEIERE % 0, 10, 20dB
LT EEZ. MLV, JSHHREICS LT 4 LV ADOHIEENHEI L TRAEL TWD00NbNS. Ok
ZF—AE S B L CHEEINTT B O,

5:2 RYA S K74 ILLBEEDBERERER

WY A I RT 4V BBEA, EEEERE HOEEZ G L, AEEICR T 21RE ER OMRERZIT 7.
RUA I R7 VA, BBEOEBEC L 0 RERENENT D, ZOOEMMEREEZZ LSz EREIY
X 8 IRTHERDPE LN R A X R7 4 )V AOEMmEOREEMEQEET — 7B & O 2 FE TR LT,
T — 7 OBMMEESE 1 mm [ ZI270RE EF AL LN, 2RNICIEEEEZNZ S L, WE EFI—71F,
MR Z 723 b EH LT Z ERbooT-. X 8 )5 2535 FER(Vapor deposition electrode) & V5 &R D
EEDEN/NENT ENDAEEEME RN L.

5.3 RRIRE~A 7 a0l e T 4V LORMEER

K%, ~A27ah 7L T 4 bE2TFORIAIRT7 L EBEREDYE, RUAI N7 4 VLMMINCEBTE
BREHOCEEZIR L TV AKTHS.
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X 101%, FOBRIT 42N, B LIEEETHD. BEAHEET I ARBOAEEET S L3bh
5. K1L1L, AFETERLE~A 70 eV T 4V D A—T O FRLUTWD 7 ()L LDRE & A0
BURABEITRLELDTH S,

140

Vapor deposition electrode

120 @A Conductive tape electrode

Fleftrode dismme(g)a i Fig.9 Photo. of the micro capsule film
100 ﬁ [i: l=-20 on the polyimide film
-5 —
-=-10
80

|—1 |
Conductive tape Vapor deposition

60

~1.0[V] 1.2[V] 1.8 [V] 2.2~IVI1
Fig.10 Color change of the micro capsule

40

20 I

o] 1 2 3 4 5 6 7 Color - -

Input Voltage [V]

| Temperature 29.5 31 32 34 36

Fig.8 Input voltage vs. temperature (polyimide film) - — -
Fig.11 Temperature (degree) and color variation for the micro

capsule film by sample sheet (RW-32S) ¢*’
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(a) Relationship between the stress amplitude and the strain amplitude, the output voltage amplitude
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(b) Color change of the micro capsule film

Fig.12 Output voltage of a complex film and strain of strain gauge and color variation for the position (A~J)
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